The effects of enzymatic pre-treatment on a mixture of sludge (primary, secondary, digested) collected from different municipal wastewater-treatment plants was investigated by Batch experiments in the laboratory to enhance the hydrolysis of sludge. The experiments were carried out at mesophilic (37 C) temperature. Six commercially available enzymes, supplied by Novo Industries, were used which ware Alcalase, Caresyme, Celluclast, Lipolase, Termamyl and Viscosyme. The experiment showed that with 50% digested sludge and 0.1% enzyme dosage of Carezyme and the mixed enzymes there was 11.5% and 10.6% decrease in volatile solids (VS), whereas with 25% digested sludge and 0.1% Viscosyme enzyme was very much effective for VS reduction compared with the blank (it shows 16.3% higher than blank). In another set of experiments, which differed in sludge characteristics with 25% digested sludge and 0.5% enzyme dosage the culture containing the mixed enzymes presents the highest percentage of VS reduction among all the samples (13.6% higher than blank), where with 25% digested sludge and 0.5% enzyme dosage of Termamyl and mixed enzymes show 13.5% and 12.8% greater VS reduction respectively compared with the blank. The experimental work showed that enzymatic pre-treatment can be successfully used as a pre-treatment step for treating sludge mixture produced from municipal wastewater treatment plant and the performance of individual enzymes largely depends on the characteristics of sludge.
Introduction
Sludge produced from wastewater treatment plants is globally one of the major sources of pollution. The cost of sludge management include processing, transporting and disposal may be reach up to 65% of the total cost of operating a wastewater treatment works (WWTW) [1] . The cost of sludge disposal is usually calculated per unit volume, hence a decrease in the volume that must be disposed of can represent a significant cost saving.
Moreover, with increase in legislation with respect to produced cleaner WWTW effluents, more volumes of sludge are being generated. For example, sludge production in the European Union (EU) had risen to more than 10 million tonnes per annum by the end of 2005 [2] . In the United States alone the production of Municipal Solid Waste (MSW) is projected to www.deswater.com 1944-3994/1944- . Deposited in land (in landfills or special sludge deposits), in the sea (ocean disposal) or in the air (mainly as a consequence of incineration), 2. Used of treated sludge as fertilizer or as one of the intergradient in constructed ''bio-soils'' or 3. Sludge and sludge components may by recycled as useful products such as ''bio-soils'' (mixture of sludge with other materials), energy (biogas, electricity, oil, heat, etc.), nutrients (phosphate, nitrogen), and metals (coagulants).
During digestion anaerobic bacteria convert high and complex organic compound molecules through a complex set of processing to methane and carbon dioxide. This means reduction in the volume of the sludge which became more stable. The final digested sludge can be used in agriculture, land reclamation and forestry, recycling through composting and minor uses such as building materials, fuels, incineration and disposal to landfill [2] .
Technologies have been developed to further the cause of biological treatment by aiding in cell lysis. This led to the development of pre-treatment processes. These techniques will improve sludge handling and disposal [4] .
The anaerobic digestion process can be either carried out at mesophilic or thermophilic temperature. Mesophilic anaerobic digestion of sewage sludge is more widely used, mainly because of the lower energy requirements and higher stability of the process [5] .
The factors that affect on the performance of anaerobic digestion process are: temperature, pH, alkalinity, nutrient requirements, presence of toxic compounds, loading, hydraulic retention time (HRT) and mixing.
Steady temperature at either mesophilic (25-40 C) or thermophilic (50-65 C) is an important conditions in the performance of anaerobic digestion process. Generally, the rate of methane production increases as the temperature increases [6] .
The operational range of pH should be between 6.6 and 7.6, with the optimum range being 7.0-7.2 [7] . The pH of a digester may drop to below 6.6 if there is an excessive accumulation of volatile fatty acids, due to excessively high organic loading and/or the presence of toxic materials in the digester. Low pH produces inhibitory effects to the methanogen. The acidforming bacteria can tolerate a pH as low as 5.5 [8] .
Micro-organisms require sufficient quantities of macro-nutrients and micro-nutrients for growth. The carbon, nitrogen and phosphorus ratio (C:N:P) suitable for anaerobic digestion is about 100:2.5:0.5 [9] .
For the digestion of organic wastes such as human excreta, animal manure, and other agricultural residues, accumulation of volatile fatty acids, H 2 and undissociated ammonia (NH 3 ) is commonly associated with digester failure. The presence of molecular oxygen (O 2 ) is also inhibitory to the methanogen. Organic wastes containing inhibitors should be pre-treated or diluted to reduce the inhibitory compounds to low tolerant levels [10] .
A high organic loading will normally result in excessive volatile fatty acid production in the digester with a consequent decrease in pH, and will adversely affect the methanogenic bacteria. A low organic loading will not provide a sufficient quantity of biogas for other uses, but will make the digester unnecessarily large. Optimum organic loading to suspended growth digesters have been reported to be 1-4 kg VS/m 3 d and 1-6 kg COD/m 3 day [11] . Hydraulic retention time has an significant effect on digester performance. Too short an HRT will not allow sufficient time for anaerobic bacteria, especially the methane-forming bacteria, to metabolise the wastes. Too long an HRT could result in an excessive accumulation of digested materials in the digester, and construction of a digester which is too large [12] . An optimum range of HRT for suspended growth digesters falls within the range 10-60 days; while attached growth and high rate digesters can be operated at a much shorter HRT [13] . Shorter HRT can also be applied for higher digester temperatures.
Anaerobic digestion can be improved by breakdown of large, organic particulate matter into smaller one to increase the surface area available for contact with bacteria responsible for degradation in order to improve the efficiency of digested process [14] .
This study provides an overview on pre-treatment processes of the sludge in general and focuses on microbial-enzyme pre-treatment which have advantage in behavior and lower cost comparing with other pre-treatment methods.
Materials and methods

Sludge collection
The sludge samples were collected from different wastewater treatment plants treating domestic wastewater around Dundee -Scotland. These plants are operated and maintained by the Scottish Water. The primary sludge was collected from primary settling tank from a plant that uses trickling filter process and the secondary sludge was collected from aeration tank from a plant using conventional activated sludge process. The digested sludge was collected from anaerobic sludge digester near Dundee (Table 1) .
Sample preparation
Two sludge mixtures were prepared from the three types sludge. First mixtures contained 50% of solid content from the digested sludge and the rest of the 50% of the solid content was from the primary and secondary sludge in equal proportion. The other mixture contains 25% solid weight from digested sludge and the rest of the solid content was from the primary and secondary sludge in equal proportion. The pH of two mixtures was adjusted to (7.5) .
Batch experiments were carried out using synthetic wastewater based on a sludge solution in which the carbon content of this feed was contributed by sludge and other macro and micronutrients were present to balance the solution. The pH of the solution was increased by the addition of sodium hydrogen carbonate solution. The composition of the chemical solution is given in Table 2 .
Types of enzymes
Six commercially available enzymes supplied by Novo Industries, Bagsvaerd, Denmark were used to observe the performance of adding enzyme for sludge pre-treatment. Types of enzymes used are:
Methods
Batch reactors experiments in 8 Â 500 ml conical flasks were conducted at a temperature of 37 C temperature. Six flasks were used for six different types of enzymes each at the same concentration. One flask was used for the mixture of enzymes and one flask was used as blank (without any enzyme).
Substrate
For the first experiment, the first mixture of 50% solid content from digested sludge, the substrate was prepared by taking 50 ml of primary sludge, 250 ml of secondary sludge, 100 ml of digested sludge and 100 ml of chemical solution to add up to 500 ml for each of the 1,000 ml size conical flask.
For the second mixture of 25% solid content from digested sludge, the substrate was prepared by taking 50 ml of primary sludge, 250 ml of secondary sludge, 50 ml of digested sludge and 150 ml of chemical solution to add up to 500 ml for each of the 1,000 ml size conical flask.
Enzyme dosage
Enzyme dosage rate was calculated based on the concentration of total solids (TS) that was found in the mixed sludge. For the first set of experiments 0.1% of the enzyme were used for the two mixtures. For the second set of experiments 0.1% and 0.5% of the enzyme were used respectively for the same mixture.
Experimental conditions
The pH was measured using 240 Corning pH meter (Orion model 420A with auto temperature compensation probe). The pH meter was calibrated regularly by a pH 7.00 and 4.00 buffer. Temperature of the flasks containing the mixture was kept in one autoclave which was set at 37 C. Shakers of the autoclaves were set at 60 rpm to ensure uniform mixing.
pH was adjusted for 11 days for the samples of sludge and 10 ml was collected from each flask to measure the total solid (TS) and volatile solid (VS) every After the first set of experiments ware finished, the experimental set was repeated again by using new sludge mixture and different enzyme dosage with 0.1% and 0.5%.
Results and discussion
3.1. First experiment 3.1.1. Enzymatic hydrolysis of mixed sludge contains 50% of solid content from digested sludge and use 0.1% enzyme dosage Fig. 1 shows the corresponding volatile solids (VS) reduction for the eight samples with respect to time for 11 consecutive days at a temperature of 37 C. The graph shows that there is a clear advantage of enzyme addition compared with blank in terms of VS reduction. The trend of VS reduction with time is different for each type of enzyme. The mixed enzymes shows significant VS reduction during the first five days of the experiments and uniform VS reduction rate during the rest of the experimentation period. During the first five days of the experiments the trend of VS reduction is almost similar for the other type of enzymes. The termamyl and lipolase enzyme showed almost uniform VS reduction rate during the whole period of experimentation. Caresyme shows significant VS reduction during the first three days then the reduction rate was nearly constant from 3rd day to 6th day and then a sudden drop during the last days of the experiments.
3.1.2. Enzymatic hydrolysis of mixed sludge contain 25% digested sludge, 0.1% enzyme dosage C. The figure indicates that Viscosyme shows fast and significant reduction in VS during the first three days and uniform VS reduction rate during the rest of the experimentation period, 16.28% higher than blank one. Lipolase, Termamyl and Mixed enzymes shows significant VS reduction during the first five days of the experiments and uniform VS reduction rate during the rest of the experimentation period. Alcalase, Caresyme, shows a little effect during the first five days of the experiments and then significant VS reduction rate during the rest of the experimentation period. Celluclast shows a little effect during the whole period of the experiments.
However, during the first five days of the experiments the major amount of VS reduction is observed compared with the following days. This result shows similarity with the previous results where the major portion of the VS concentration was reduced during the first three days. The retention time for the hydrolysis process is dependant on the characteristics of the sludge. However, both sets of experiments reveal that the VS reduction is high during the initial days of the experiments.
3.2. Second experiment 3.2.1. Enzymatic hydrolysis of mixed sludge contain 50% of solid content from digested sludge and use 0.5% enzyme dosage Fig. 3 shows the corresponding volatile solids (VS) reduction for the eight samples with respect to time, for 10 consecutive days at a temperature of 37 C. The graph shows that mixed enzymes and Caresyme shows fast VS reduction during the first three days then constant reduction rate until 5th day while it was uniformly during the rest period of experimentation. Celluclast shows large VS reduction at the 5th day than other types of enzymes while the reduction rate was nearly constant during the last days of the experiments. Termamyl shows a good effect during the first 5 days and little effect from 5th day to 8th day while suddenly drop during last two days of experiment. Other types of enzymes showed almost uniform VS reduction rate during the whole period of experimentation.
The figure shows that the culture containing mixed enzymes presents highest percentage of VS reduction among all the samples (13.56% higher than blank). However, Viscozyme, Lipolase and caresyme enzyme also showed significant VS reduction compared to blank (7.98%, 9.6% and 8.2%, respectively).
3.2.2. Enzymatic hydrolysis of mixed sludge contain 25% digested sludge, 0.5% enzyme dosage Fig. 4 shows the corresponding volatile solids (VS) reduction for the eight samples with respect to time, for 10 consequent days at a temperature of 37 C. The graph shows that mixed enzymes shows significant VS reduction during the first five days of the experiments and uniform VS reduction rate during the rest period of experimentation. During the first five days of the experiments the trend of VS reduction is almost similar for all type of enzymes. The Alcalase showed the highest VS reduction during the first three days. Caresyme shows significant VS reduction during the first three days then the reduction rate was nearly constant after five days.
The termamyl and the mixed enzymes show 13.5% and 12.8% higher VS reduction respectively compared with the blank. Alcalase, Viscosyme and Caresyme show 11.7%, 11.9% and 11.1% higher VS reduction respectively compared with the blank. Lipolase and Celluclast show the least 10.2% and 9.9%, respectively. Similar results were obtained by Roman [2] , where they found that the mixture of the two enzymes (Cellulase and pronase E) resulted in an 80% reduction in solids (cf. 20% in the control) and The total suspended solids (TSS) concentration was reduced by 80%, from 25 g/l to 5 g/l. also they found that enzyme additions were seen to decrease the production of volatile fatty acids (VFAs). Other authors [15] found that a mixture of industrial cellulase, protease, and lipase, in equal proportion by weight, reduced total suspended solids (TSS) by 30-50% and improved settling of solids.
Conclusion
The experimental work showed that:
1. The results reveal that increase of enzyme dosage from the 0.1% to 0.5% does not increase the VS reduction in that proportion. So by using 0.1% enzyme dosage acceptable results can be obtained which will reduce the pre-treatment cost. 2. The performance of individual enzymes largely depends on the characteristics of sludge. Due to difference in individual characteristics of the enzymes, one type of enzymes might be suitable for one type of sludge. The performance also depends on the enzyme dosage and the natural enzymes produced in the solids when the samples were fed with digested sludge. 3. Enzymatic pre-treatment can be successfully used as a pre-treatment step for treating sludge mixture produced from municipal wastewater treatment plant, thus improving anaerobic digestion by breakdown of large, organic particulate matter into smaller one increases the surface area available for contact with the bacteria responsible for degradation in order to improve the efficiency of digested process. 4. Finally, the treatment and management of the sludge is a current problem all over the world. However, the needs and different solutions vary from one region to another and they are based on the technical and economical capacities of each country.
